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(54)lltle: FIRE PROTECTED PIPE AND PIPELINE 



(57) Abstract 

An oil canying pipe for an <»1 rig riser comprises an anti-conosion 
covering (2X a fire protection covering (3) over the anti-oono^on coverii^ 
(2) and an outer coating (4) to retain the fire protection cover (3) in place: A 
field joint (5) oomfMising the three protective coverings (2, 3 and 4X is appli- 
ed at the base ends of two connected pipes (1). The outer retaining covering 
(4) comprises a base matrix of a modtfied ethylene aa^c polymer having a 
dispersion of metal containing compounds, such as aluminium tiihydrate 
and zinc borate. Ihtder normal oonditioiis the outer coating will protect the 
pipe against impact, abrasion and die like. Even though the base matrix ma- 
t^ial will diar on exposure to a fire^ die metal containing compounds will 
fuse to form a continuous stable outer coating which will retain the fire pro- 
tection coating in position long onou^ to prevrat an immediate blow out 
and thereby aOow time to evacuate die larger area. 
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FIRE PROTECTED PIPE AND PIPELINE 

This invenlon relates to fire protected pipelines which 
caurry hazardous loaterials, particularly inflaismable 
materials, such as risers on off shore installations and 
crude oil feed pipes at refineries. The invention further 
relates to a method of forming said pipelines. 

Following the tragedy of Piper Alpha, there has been 
heightened concern about the potential dangers of pipelines 
carrying inflammable materials. For example the riser, 
which carries the crude oil from the undersea oil well up to 
the oil rig, would be exposed to temperatures in the region 
of 1400^C if there was a fire on the rig platform. At such 
high temperatures the riser iaay be damaged allowing the 
crude oil to ignite and cause a blow out, and thus giving 
the rig workers have very little warning or chance to 
escape. 

Currently available systems are generally based on 
concrete which takes twenty eight days to set, is porous and 
therefore not suitable for risers. 

According to a first aspect of the invention there is 
provided a protected pipe comprising a pipe having anti- 
corrosion protection, a fire protection covering around the 
pipe, and a retaining covering around the fire protection 
covering, said retaining covering being flexible and 
substantially water impermeable and including a base matrix 
material having a dispersion of one or more metal containing 
compounds therein which fuse together upon exposure to a 
temperature of about SOO^C or more to form a stable coating 



WO91/08372 



2 



PCr/GB90/01854 



which In turn retains the fire protection covering in 
position. 

In accordeince with a second aspect of the invention 
there is provided a method of pacifying a pipe against fire 
comprising forming on the pipe anti-corrosion protection, a 
fire protection covering around said anti-corrosion 
protection, and forming a retaining covering around said 
fire protection covering, said retaining covering being 
flexible and substantially water inq^ermeable and including a 
base matrix material having a dispersion of one or more 
metal containing cdmpoimds therein which fuse together upon 
exposure to a temperature of about SOO^C or more to form a 
stable coating which in turn retains the fire protection 
covering in position. 

When two protected pipes in accordance with the first 
aspect of the invention are coimected, a field joint in 
accordance with the second aspect of the invention can then 
be applied to the bare connected ends. In this way an 
encapsulated protected pipeline of desired length is formed. 
Sucdi a protected pipeline and the method of forming it 
constitute further aspects of the invention. 

The metal containing compounds should have a 
sufficiently low melting point, that they will melt on 
exposure to the heat of a hydrocarbon fire, which may 
typically be about 800**C to 1400°C, more particularly lOOO^C 
to llOO^C, to form an inorganic t^e coating which will be 
stable iii the high teii^>eratures of the fire at least about 
10 to 15 minutes preferably 1 to 4 hours. In this way even 
though the base matrix material may char the fused metal 
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containing coating will hold the outer retaining coating 
together and thereby retain the fire protection covering on 
the pipe long enough to prevent an Immediate blow out, and 
thereby allow time to evacuate the danger surea. 

The Inventor has therefore achieved a method of 
applying and modifying materials In such a way that the 
combined protection of antl-^orroslon cind passive fire 
protection Is achieved for steel pipelines. Furthermore for 
risers and like structures on both off-shore and on-shore 
Installations, the Invention can be used both above and 
below the water line. 

When exposed to high temperatures there may be produced 
from the retaining coating a ceramic-type or glass-type 
coating idilch Is sufficiently flame resistant to retain the 
fire protection material in place and thereby delay a blow 
out of the hydrocarbons in the pipe. 

By ceramic-type we meam a crystalline. Inorganic metal 
and by glass-type we mean a non-crystalline solid. 

The metal containing cooqpounds can be one or more of 
metals, metal oxides, borates, hydrates, amines cmd similar 
compounds which will melt and fuse cind remain stable in a 
hydrocarbon fire,. The metals of said compounds can be 
zinc, aluminium, magnanese, magnesium, calcium and iron. To 
date, the preferred metal containing compounds have been 
aluminium trihydrate, zinc borate, calcium oxide, zinc 
oxide, manganese oxide, or a combination thereof. Suitably 
there should be about 10 to 50% by weight, preferably about 
30 to 40% l^y weight of metal containing compounds dispersed 
in the outer retaining coating. 
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•The outer retaining cx>ating should in normal operating 
conditions provide a water impermeable barrier and should be 
sufficiently flexible to allow both thermal and mechanical 
movement of the pipe, and protect it again abrasion or 
impact such as from wave loadings. 

Our research to date has shown that a modified 
elastoraeric type material would be desireible as said base 
matrix material. This could ±herefore display normal rubber 
properties, and even tiiouc^ it may char when exposed to high 
teniperatttres, the fused metal containing coating would hold 
it in place thereby retaining the fire protection covering 
in position on the pipe. 

suitable base matrix material which have been found to 
date to display the desired properties comprise one or more 
of an ethylene acrylic polymer, copolymer based on vinyl 
acetate, polycOiloroprene, and polyurethane. Preferably a 
smaller amount of said copolymer is mixed with a major 
amount of an ethylene acrylic polymer as a viscosity 
modifier. 

Conventional fixe protection material is suitable for 
use in the invention and could be applied in a number of 
forms. Firstly, for example, several connected slabs of 
such material could be striated and wound around the pipe. 
This would allow a thick and flexible covering of fire 
resistant material to be easily applied to the pipe. For 
f ujrther details reference should be made to our co-pending 
PCT application no. 6B/88/00443 which describes the 
application of a striated insulation block to a pipe. 
Alternatively, relatively thin sheets of fire protection 
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material could be wrapped roiuid the pipe. In this manner 
thin layers of fire protection material are built up, which 
could be different grades. ' 

The fire protection material should typically be able 
to withstand t^ooperatures of about 1400^C for a minimum of 
about 10 to 15 minutes, preferably one to four hours. 

Although anti-corrosion protection of sorts is 
necessary to prevent excessive pitting and. weakening of the 
pipe, this protection could be realised in a number of ways, 
such as by a conventional cured polychloroprene (neoprene) 
based coating, cmd should not therefore be construed in a 
limited manner. 

ThB invention will now be described by way of example 
with reference to the accompanying drawings in which:- 

Fig* 1 - is a longitudinal section through a riser pipe 
having various protective coverings (which includes a field 
joint), in accordance with the invention; 

Fig. 2 - is a plan view of the pipe shown in Fig. 1 but 
having the protective coverings partially cut away for 
clarity; 

Fig. 3 - is a plan view of a pipe being formed with 
protective coverings in accordance with the invention; and 

Fig. 4 - is a cross-sectional view through the field 
joint shown in Fig. 1. 

A riser carries the crude oil from the well onto the 
oil rig. In this embodiment, it is to be understood that 
the well is sub-sea and that the rig is off-shore. If there 
is a fire on the oil rig the riser above the water line will 
be liable to damage by the fire and this may lead to a blow 
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The length of riser pipe illustrated in Pigs, i and 2 
is pacified against fire in accordemce with the invention 
and mitigates this pzxiblem. The protected pipes are 
factory-prepared and then transported to the oil rig where 
they are welded together and set vertically in place. 

Eacdi pipe 1 is coated with an anti-corrosion covering 
2, a fire protection covering 3, and retaining covering 4 as 
follows. 

After preparing the pipe by sdiot blasting, uncured 
polychloroprene (neoprene) and bonding agents are extruded 
onto its outer surface apart from about 50 to 70cm at either 
end la of the pipe 1. This extrudate is cured to form the 
anti-corrosion covering 2. 

Next is applied the fire protection covering 3 which 
comprises a plurality of flat blocks each of which is formed 
from a conventional fibrous fire protection material sucdi as 
discussed in the aforementioned PCT application, and has a 
width of about 30 to 50cm and a d^th of about Scm. One 
major face of each block (not shown) is deeply grooved 
(striated) a<^oss the width to form a plurality of parallel 
spaced bcurs interconnected by webs. The blocks are then 
joined end to end by webbing to form a continuous strip 
which, because of the imparted flexibility, of the 
striations can be spirally wound round the pipe i, as shown 
in Pig. 3, to form a continuous relatively thick fire 
resistant covering 3. As best shown in Figs, i and 2 this 
latter covering stops just short of either end of the anti- 
corrosion covering 2. Por larger diameter pipes, thin 
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sheets of fire protection material can be applied in a 
cigeurette wrap type fashion. 

The whole pipe 1 apsurt f rom the exposed ends la are 
then encapsulated (by e.g. extrusion, hand layup or casting) 
in the outer retaining covering 4 which tapers over the 
exposed ends of the anti-corrosion 2 and fire protection 
coverings 3. The retaining covering 4 is formed from a base 
matrix material of modified elastomer containing inorganic 
fillers. Other materials are employed to convert the base 
polymer into a synthetic rubber with a range of desired 
properties. As with the anti-corrosion covering 2 the 
retaining covering 4 is also extruded. Both these coverings 
2 and 4 are then cured to form the finished pipe. The 
retaining covering 4 is impermeaQ>le to water and due to its 
elastomeric properties will also lend some abrasion and 
impact resistance to the system. Furthermore in normal use 
it will hold the fire protection covering firmly in place. 

The outer retraining covering, is prepared as follows 
(all parts are by weight) . 80 parts of Vamac (trade mark of 
Dupont) which is an ethylene acrylic polymer is mixed with 
20 parts of Elvax (trade marJc of Dupont) which is a 
copolymer based on vinyl acetate. To this mixture is then 
added 1 to 2 parts of an anti-oxidant, 2 to 4 parts of 
stearic acid, 1 to 2 parts of another lubricant or mixing 
processing agent, 80 to 130 parts of aliminium trihydrate, 
10 to 20 parts of zinc borate, 80 to 130 parts of a mineral 
filler or re-*inf orcing agent (sucdi as carbon black) , i to 2 ^ 
parts of a vulcanising agent and 2 to 4 parts of cross- 
linking agent, such as a polysulphate. The metal containing 
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compounds are well dispersed within t^e base loatrix 
material. The above polymers (Elvax and Vamac) are non- 
based polymers with flame resistant elastomers. 

In a second eacample, the outer coating was modified by 
substituting the aluminium trihydrate and zinc borate with a 
mixture of calcium oxide, zinc oxide, and manganese oxide at 
from 10 to 60 peurts. These oxides melt/ fuse at about 450°C. 

The finished protected pipes are connected by welding 
at their exposed ends la and then a field joint 5 applied 
(see Figs, l and 4) , again in accordance with the invention. 
Therefore an anti-corrosion covering 2, fire protection 
covering 3 and retaining covering 4 will be applied, 
generally diverging outwardly to conform with the coverings 
of the two adjacent pipe ends and thereby form a fire 
protected encapsulated pipeline. 

In use, if there is a fire on the oil platform, the 
high temperatures of the fire will bum away the elastomeric 
retaining covering 4 and fuse the inorganic fillers to form 
a brittle ceramic-type fibrous coating irtiich does not 
disintegrate and retains the fire protection material in 
place. The riser can therefore be protected against serious 
damage from the external fire for cibout one to four hours 
depending on the type and thickness of the fire protection 
covering 3. This short period could be critical in the 
evacuation of the oil rig. The ceramic-type retaining 
covering will also provide additional mechanical strength 
and flame protection. 

The fire protected pipe of the invention could also be 
used as crude oil feed pipe to refineries. In fact the 
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Invention would be applicable for any conduit carrying 
hazardous materials, not necessarily in£la]iiin£Q>le materials, 
which may be exposed to an external fire either on shore or 
off-shore. 

It will be appreciated that the fire protection 
covering is also acting as a heat insulator* 

The advauitage of the invention over currently available 
systems are: 

(1) shorter production times; 

(2) capability of serving both above and below water- 
line; 

(3) capability of being tailored to meet differing 
requirements; and 

(4) capability of being applied as a field joint. 
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Claims 

1. A protected pipe comprising a pipe having anti- 
corrosion protection, a fire protection covering around 
the pipe, and a retaining covering around the fire 
protection covering, said retaining covering being 
flexible and substantially water impermecQ^le and 
including a base matrix material having a dispersion of 
one or more metal containing compounds therein which fuse 
together upon es^osure to a temperature of about SOO^c or 
more to form a stable coating which in turn retains the 

f dire protection covering in position. 

2. A protected, pipe cis claimed in claim 1 wherein the 
metal containing compounds are selected from the group 
consisting of metals, metal oxides, metal borates, metal 
hydrates and metal amines. 

3. • A protected pipe as claimed in claim 2 wherein the 
metals of metal containing con^iounds are selected from 
the group consisting of zinc, aluminium, magnesium, 
mcuiganese, calcium and iron. 

4. A protected pipe as claimed in any one of the 
preceding claims wherein the metal containing compounds 
are present at from about 10 to 50% by weight. 

5. A protected pipe as claimed in any one of the 
preceding claims wherein the base matrix material 
includes at least one of the materials selected from the 
groi^ consisting of an ethylene acrylic polymer, 
copolymer based on vinyl acetate, polychloroprene, and 
polyurethane. 

6. A method of pacifying a pipe against fire comprising 
forming on the pipe anti-corrosion protection, a fire 
protection covering around said anti-corrosion 
protection, and forming a retaining covering around said 
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fire protection covering, said retaining covering being 
flexible and subst£intially water impermeable and 
including a base matrix material having a dispersion of 
one or more metal containing compoiinds therein which fuse 
together upon exposure to a temperature of about 500^c or 
more to form a stable coating which in turn retains the 
fire protection covering in position. 
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